ABSTRACT-This study is based on the radar-evaluated rainfall data from 52 south Florida cumulus clouds, 26 seeded and 26 control clouds, selected by a randomization procedure. The fourth root of the rainfall for both seeded and control populations was well fitted by a gamma distribution for probability density. The gamma distribution is prescribed by two parameters, one for scale and one for shape. Since the coefficient of variation of seeded and control cloud populations was the same, the shape parameters for the two gamma distributions were the same, while the seeded population's scale parameter was such as to shift the distribution to higher rainfall values than the control distribution. The best-fit gamma functions were found by application of the principle of maximum entropy.
for shape. Since the coefficient of variation of seeded and control cloud populations was the same, the shape parameters for the two gamma distributions were the same, while the seeded population's scale parameter was such as to shift the distribution to higher rainfall values than the control distribution. The best-fit gamma functions were found by application of the principle of maximum entropy.
Specification of tractable distributions for natural and modified rainfall populations provides a n important prerequisite for the evaluation of seeding effects by Bayesian statistics, a continuing objective in the Experimental Meteorology Laboratory cumulus seeding programs.
In meteorology, the gamma function has been used extensively to fit rainfall data on fairly large space and time scales, ranging from individual storms up to monthly and yearly distributions (Thom 1958 (Thom , 1968 , and references therein). Recently, the Experimental Meteorology Laboratory (EML) has found this function of great value in analyzing radar-evaluated rainfalls from single Florida cumulus clouds, both natural and seeded.
I n 1968 and 1970, EML conducted randomized pyrotechnic seeding experiments on single clouds in south Florida. The seeding was done massively, to release the heat of fusion latent in the supercooled water and, under predictable conditions, to cause the seeded clouds to grow larger and process more water than their unseeded counterparts. A one-dimensional model (Simpson and Wiggert 1971) was run in real time to predict seedability(excess vertical growth of seeded clouds). The rainfall analyses were made using the University of Miami 10-cm calibrated radar (Woodley 1970) and results were tested against a rain gage network (Woodley and Herndon 1970) . Altogether, 26 seeded and 26 control clouds were compared . Statistical analyses showed that the seeding effect on rainfall exceeded a factor of three; there was a mean seeded minus control difference of about 270 acre-feet per cloud. The statistical significance of the difference mas better than 0.05.
I n connection with a Bayesian analysis of more complicated sequel experiments (Simpson and PBzier 1971) , it became necessary to seek a tractable distribution function; that is, a function with finite, readily specified moments to fit these single-cloud rainfall data. While this effort has so far encountered obstacles when the raw data are used, the gamma function was found extremely useful in treating their fourth root, or the "transformed" data, as we shall show briefly here The idea of transforming these data by taking their fourth root was introduced by G. F. Cotton (see appendix, in his statistical analyses, for the purpose of making certain significance tests mote applicable. The raw and transformed data are presented in table 1; their origin and limitations have been described elsewhere ).
The gamma probability density function may be written where p ( R ) is the probability density of a rainfall amount, R (here measured in acre-feet), from a single cloud. The scale of the distribution is determined by the parameter /3 and the shape by the parameter cr. r is the gamma function (Pearson 1951) . The first two moments of the gamma function are well known to be (e.g., Tribus and PBzier 1970, Kendall and Stuart 1963) and where <R> is the expected value and uz is the variance. Therefore, the coefficient of variation, V , is
The best-fit gamma functions to the transformed data in table 1 are found by application of the principle of maximum entropy. Tribus (1969, p. 197) has shown that this method, readily computerized, gives better fits than the classical chi-square approach, which is in fact an approximation to the maximum-entropy method. The same principle is applied to find the best fit to the data of six other well-known functions, as listed in table 2, and then the excellence of the fits are compared by means of This result says that the seeding does not appreciably affect the shape or coefficient of variation ' of the distribution but merely advances the mean of the transformed data by a factor (in this case about 1.4). I n any meteorological experiment, if one can demonstrate or assume that the modification has this simple type of effect upon the data distribution (or on one of its roots), Bayesian analysis provides an easy and powerful tool for calculating the. magnitude and significance of the modification, as we have shown elsewhere (Simpson and PBzier 1971) . Figures 1 and 2 show the data histograms with the best-fit gamma and truncated normal distributions superposed. Although table 3 shows that the truncated normal distribution has a x2 much smaller than the number of degrees of freedom for both data populations, it does not show well either the skewness or the mode of the data. I n the case of the truncated normal distribution, a complicated relation exists between the parameters B and C in program' for finding these moments, given B and C.
Using it, we found again that the best-fit curves for the seeded and unseeded cloud populations had very similar coefficients of variation; that is to say, the seeded population had a higher mean and a correspondingly higher standard deviation than the unseeded population. Clearly, the gamma distribution is most ideally suited to the analysis because the observed conservative property ( V ) of the unseede,d and seeded populations is directly and simply related to the shape parameter, a, in the equation for the probability density. Finally, a histogram of the raw data for seeded and control cases combined is shown in figure 3 . The only distribution giving a good fit to these data is the inverted Rayleigh, which does not have finite moments and is not, therefore, very useful. Alternatively, we might usefully regard this graph as showing two separate populations, one with many members and small rainfalls, the other with few members and very large rainfalls. Consequently, an attempt is being made to treat each raw data set (seeded and control) as the sum of two gamma distributions.
